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Description 

FIELD OF THE INVENTION 

5 This invention relates generally to conpositions particularly useful In hard tissue repair and augmentation; more 

specifically, it relates to moldable compositions comprising nonfibrillar collagen and a particulate material and. option- 
ally, other components such as growth factors. 

BACKGROUND OF THE INVENTION 

10 

A numt}er of tx>ne repair compositions comprising collagen, optionally in combination with particulate materials 
(particularly ceramics), have been disclosed in the art For example, U.S. Patent No. 4,440,750, issued April 3. 1984, 
to Glowacki et al., and commonly owned by the assignee of the present invention, discloses an osteogenic composition 
comprising a plastic dispersion of particulate demineralized txxie and reconstituted collagen fibers dispersed in a con- 

15 tinuous aqueous phase having a substantially physiological pH and ionic strengtii. as well as a method for inducing 
osteogenesis comprising implanting said composition. 

Commonly owned U.S. Patent No. 4,776,890, issued October 1 1 . 1989. to Chu. cfiscloses a method of preparing a 
mineral collagen matrix comprising dialyzing a mixture of mineral particles and nonfibrillar collagen in acidic solution 
against a reconstiting medium which comprises a prec^rtating buffer solution which promotes native collagen fiber fbr- 

20 mation. 

Commonly owned U.S. Patent No. 4.789.663. issued December 6, 1988, to Wallace et al., discloses a method of 
effecting conductive repair of a bone defect comprising the steps of exposing fresh bone surface comprising living oste- 
oprogenrtor cells to the defect and placing into the defect, and into contact with the fresh bone surface, a collagen prep- 
aration selected from: (i) a composition consisting essentially of type I collagen derived from demineralized, probe- 
rs treated, detipidized bone; (ii) a lyophilized gel of purified atelopeptide reconstituted fbrillar skin collagen; and (iii) mix- 
tures of (i) and purified atelopeptide reconstituted fibrillar skin collagen. 

Commonly owned U.S. Patent No. 4,795.467. issued January 3. 1989, to Piez et al., discloses a composition for 
bone repair comprising a mixture consisting essentially of 60 - 98% by weighrt of a calcium phosphate mineral compo- 
nent obtained from mineral particles of nonbiologicat origin in admixture with 2 - 40% by weight of an atelopeptide 
30 reconstituted fibrillar collagen. Convnonly owned U.S. Patent No. 4,888,366, to Chu et al., issued September 12. 1989. 
discloses an implantable bone repair composition consisting essentially of 60 - 98% mineral particles. 2 - 40% atelopep- 
tide hypoimmunogenic collagen, and an effective amount of an osteogenic factor (OF) proration, wherein the implant 
is a porous rigid solid of compressive modulus greater than 20 N/cm^. is fK)mogeneous with respect to its components, 
and wherein the OF is in biologically active and available form. 
35 Commonly owned U.S. Patent No. 5,264,214. issued November 23. 1993. to Rhee et al.. discloses a composition 
suit^le for repair of bone defects comprising collagen chemically conjugated to a synthetic hydrophilic polymer, a suit- 
able particulate material, and a sufficient amount of a fluid phannaceutically acceptable canrier. Also dislcosed is a com- 
position comprising collagen chemically conjugated to a synthetic hydrophilic polymer, and a suitat)le particulate 
material in an amount sufficient to provide a rigid corrposition. 
40 Comnmnly owned U.S. Patent No. 5,352.715, issued Octot>er 4. 1994, to Wallace et al.. discloses an injectat)le 
implant composition conprising collagen and biocompatible ceramic particles present in a pharmaceutically acceptable 
fluid carrier, wherein tfie ceramic particles have been size selected to have a size distribution in tiie range from 50 to 
250 microns. 

U.S. Patent No. 5.083,373 and U.S. Patent No. 5,290,558. issued December 17, 1991 , and March 1 , 1994. respec- 
45 tively, to McBrayer et al., disclose a flowat»le bone repair composition comprising a new bone growtii-inducing amount 
of demineralized osteogenic tx>ne powder in a biocompatible carrier selected from a liquid polyhydroxy compound, a 
liquid pdyfiydroxy compound derivative, a liquid solution of a solid polyhydroxy compound, and a liquid solution of a 
solid polyhydroxy compoiffKl derivative. Preferably, the carrier is a nnnosaccharide, disaccharide, oligosaccharide, or 
a derivative thereof, especially f iuctose. glucose, or a aqueous solution of sucrose or glyceryl monolaurate dissolve in 
50 propylene glycol, glycerol, monoacetin, diacetin, and/or liquid polyethylene glycol. 

Each publication cited atxjve and herein is incorporated herein by reference in its entirety to describe and disclose 
the subject matter for which it is cited. 

The numerous, previously disclosed bone repair compositions, including those described above, fiave eitiier been 
too fluid or too rigid, and have lacked tiie desired quality of moldabilrty that orthopedic surgeons require in a composition 
55 tfiat is to be packed or othenwise implanted into the site of a bone defect. 

We now disclose a more moldable bone repair composition comprising collagen, a particulate material, and, 
optionally, other components, such as growtii factors, as well as methods for using these compositions for hard tissue 
repair and augmentation. 
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SUMMARY OF THE INVENTION 

In general, previously disclosed collagen-containing bone repair connpositions have utilized fibrillar collagen 
because of its greater mechanical strength and in vivo persistence compared to nonfibrillar collagen. Surprisingly, we 
5 have found that the use of nonfbrlltar collagen in the nrK>ldable composilions of the invention has certain advantages in 
terms of handling arxi physical properties. In accordance with the present invention, we have discovered that it is pos- 
sible to use nonfibrillar collagen in combination with a particulate material and, optionally, other components to produce 
a moldable bone repair composition having a desirat)le consistency very similar to that of PlayDoh®. 

A preferred enixxJimerrt of the composition of the invention comprises fibrillar collagen, a fiber disassembly agent. 
10 and a particulate material. A particulariy prefenred embodiment of the composition comprises fibrillar collagen, a bio- 
compatible alcohol, and a particulate material. Another particularly preferred embodiment of the composition comprises 
fibrillar collagen, a biocompatit>le alcohol, a particulate material, and a biologically active agent. 

Processes for preparing the moldable collagen compositions and methods for using such in the repair and augmen- 
tation of hard tissue are also provided. In a general method for repair or augmenting hard tissue, a conposition com- 
15 prising collagen, a fiber disassembly agent, and a particulate material is administered to a hard tissue site in need of 
repair or augmentation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 Figure 1 is a bar graph depicting total fracture repair areas (average for 6 implants) for Implant groups containing 
the following irrplant materials: (a) no implant material (ControO: (b) fibrillar collagen alone: (c) fibrillar collagen + glyc- 
erol (1:1); or (d) fibrillar collagen -t- glycerol -i- tricalctum phosphate (1:1:2), as evaluated using the rat parietal model. 
Total fractiffe repair area refers to the size of the area containing the Implant plus any new (hard or soft) tissue ingrowth. 
Figure 2 compares the tHoactivity of a collagen / glycerol / TGF-pi formulation vnth that of a fleshly prepared TGF- 
25 pi standard in acidic ethanol. as measured using the mink lung epithelial cell inhil>ition assay. The collagen / glycerol 
mixture v«th no TGF-pi was used as a negative control. 

Figure 3 compares the bioactivity of a collagen / glycerol / TGF-pi formtJation inculcated for 2 montfis at 4''C with 
that of a fleshly prepared TGF-pi standard, as measured using tiie mink lung epithelial cell inhit)ition assay. 

30 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION 

In accordance with the present invention, unique, moldable bone repair conpositions are prepared by coni)ining 
nonfibrillar collagen with a particulate material. In order to prepare the nx>ldable collagen conrpositions of the present 
invention, it is first necessary to provide collagen and a particulate material. 

35 Collagen is the major protein component of bone, cartilage, skin, and connective tissue in animals. Collagen in its 
native form is typically a rigid, rod-shaped molecule approximately 300 nanometers (nm) fong and 1 .5 nm in diameter. 
It is comprised of three collagen polypeptides which form a tight triple helix. The collagen polypeptides are character- 
ized by a long midsection having the repeating sequence -Gly-X-Y-, where X and Y are often proline or hydroxyproline, 
bounded at each end by the lelopeptide" regions, which constitute less than about 5 percent (%) of the molecule The 

40 telopeptide region of the collagen chains are typically responsit)te for the crosslinking b^een chains and for the immu- 
nogenic'rty off the protein. 

In general, coHagen from any source may be used to prepare the compositions of the present invention; for exam- 
ple, collagen may be extracted and purified from human or otiier mammalian source, such as bovine or porcine corium 
and human placenta, or may be recombinantly or othenvise produced. The preparation of purified, substant ia lly ngn- 

45 aotig^c collagen in solution from bovine skin is basically a three-step process involving solubilization, enzyme treat- 
mS^"ar»ptifification. as desaibed in U.S. Patent No. 4.140.537 and U.S. Patent No. 4.488.91 1, issued February 20, 
1979. and December 18. 1984. respectively, to Luck et al.. which are incorporated herein by reference. PCT publication 
No. WO 94031 19. filed July 19. 1993, by Palefsky et al.. discloses methods of extracting and purifying collagen from tiie 
human placenta. PCT Publication No. WO 9416570, filed January 19, 1994, by Berg, discloses methods of producing 

50 recombinant human collagen in tiie milk of transgenic animals, including transgenic cows. 

Collagen of any type, including, but not limited to, types I. II. 111. IV. or any combination thereof, may be used, 
although type I is generally preferred. Ertiier atelopeptide or telopeptide^ntaining collagen may be used; however, 
when collagen from a xenogeneic source, such as bovine collagen, is used, atelopeptide collagen is generally pre- 
ferred, because of its reduced immunogenicity compared to telopeptide-containing collagen. The term "collagen" or 

55 "collagen material" as used herein refers to all forms of collagen, including those which have been processed or other- 
wise nrxxirfied. 

Collagen for use in the practice of the invention is preferably noncrosslinked. Noncrosslinked ^telppe ptide f ibrillar^ 
collagen is commercially available from Collagen Corporation (Pafo Alto, CA) at collagen concentrations of 35 mg/ml 
and 65 mg/ml under the trademarks Zyderm® I Collagen and Zyderm II Collagen, respectively. 
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Collagens for use in the present invention are generally in aqueous suspension at a concentration between about 
20 mg^ml to about 120 mg/ml; preferably, between about 30 mg/ml to about 90 mg/ml. 

NonflbriHa r. rather than f torillar, collagen is used in the practice of the present invention because it has a more tacky 
consistency than f brillar collagen, niaking It particularly useful in the preparation of compositions intended to be readily 
moldaWe. The term "nonfbrillar collagen" as used herein is intended to encompass any modified or unmodified colla- 
gen material that is in substantially nonf Ibrlllar form at pH 7, as indicated by optical clarity of an aqueous suspension of 
the collagen. 

Collagens for use in the present invention typically start out in fbrillar form, and then are rendered nonfibrillar by 
the addition of an appropriate anrount of one or more fiber disassembly agent. 

Rber disassembly agents for use in the present invention include, without limitation, various bioconpatiWe alco- 
hols, amino acids, inorganic salts, and carbohydrates. Preferred biocompatible alcohols include glycerol and propylene 
glycol. Non-bioconpaliWe alcohols, such as ethanol. methanol, and isopropanol. are not preferred for use in the 
present invention, due to their potentially deleterious effects on the body of the patient receiving them. Preferred amino 
acids include arginine. Prefen-ed inorganic salts include sodium chloride and potassium chloride. Afthough cartxjhy- 
drates. such as various sugars including sucrose, may be used in the practice of the present invention, they are not as 
prefen-ed as other types of fiber disassembly agents t>ecause they can have cytotoxic effects in vivo. 

When biologically active agents are incorporated into the compositions of the invention, biocorrpatible alcohols 
(and. in particular, glycerol) are the prefen^ed fiber disassembly agent, because certain growtii factors, such as trans- 
forming growtii factor beta, have been shown to retain their activity in compositions containing glycerol. 

Collagen that is already in nonfbrillar form may also be used to prepare tiie compositions off the invention. As used 
herein, the tenn "nnnfj brillar collaaeiV; is intended to encompass collagen types that are nonfibrillar in native ferm as 



well as coltegens that have been chemjcailTTncaifrea sucn tnat tney are in nonrioriliar form at or around neutral pH/Cbl- 
lagen types that are nonfbrillar (or microfbrillar) in native form include types IV, VI. and VII. Chemically modified colla- 
gens that are in nonf brilfar form at neutral pH include succinylated collagen and methyfated collagen, both of which can 
be prepared according tothe mettiods described in U.S. Patent No. 4.164,559. issued August 14, 1979, to Miyata etaL, 
which is hereby incorporated by reference in its entirety. 

Particulate materials for use in the invention include, without limitation, ceramic particles; particufate crosslinked or 
nori.<ai^inked fibr to collage n; poly(lactic) acid (PLA). poly(glycolic) acid (PGA), and copolymers thereof (PLGA); 
caldumcabonate; calaum sulfate; gelatin treads; polytetraffluoroethylene beads; silicone rubber beads; beads off vari- 
ous hydrogel polymers (such as polyacrylonitrile-polyacrylamide hydrogels); silicon caibide beads; and glass beads. 
Prefen-ed particulate materials are particulate ceramics and particulate aosslinked fibrillar collagen. As used herein, 
the term t^rticulate material" also refers to mixtures containing two or more different types of particulate material, such 
as those listed above. 

The particulate crosslinked fbrillar cdfagen referenced above is preferably prepared by crosslinking fbrillar colla- 
gen with a crosslinking agent selected from the following group: a syrrthetic hydrophilic polymer (such as a functionally 
activated polyethylene glycol), a hydrophobic polymer having two or more sucdnimidyl groups (such as disucdnimidyl 
suberate or bis(sulfosuccinimidyl) suberate). or a mixture of hydrophilic and hydrophobic polymers, such as those 
described above. Methods for crosslinking collagen using synthetic fiydrophilic polymers such as functionally activated 
polyethylene glycols are disclosed in U.S. Patent Na 5.162.430 and U.S. Patent No. 5,328.955. issued November 10, 
1 992. and July 12.1 994, respectively, to Rhee et al. . Methods for crosslinking collagen using hydrophobic polymers and 
mixtures of hydrophobic and hydrophilk: polymers are (Ssdosed in commonly owned, copending EP application Serial 
No. 96 102 366.0. Following crosslinking using eittier a hydrophilic or hydrophobic polymer, or mixtures thereof, tiie 
crosslinked fbrillar collagen is dried and then chopped or othenwise mechanically disrupted to fornn particulates having 
a size from about IQO microns to ^ut lOOOrnicffitKLJhe tight crosslinked network tiiat can be achieved using hydro- 
phobic polymers sudi as disuccinirnidyl suEerate makes hydrophobic polymeis ideally suited for the preparation of 
crosslinked fibrillar collagen particulates for use in the compositions of ttie present invention. 

Pr^en-ed ceramics for use in the present invention include any biocompatible particulate ceramic, most preferat>ly, 
calcium phosphate ceramic. Prefenred calcium phosphate ceramics for use in the preparation of conr^x)sitions of tine 
present invention include tricaldum phosphate particles, hydroxyapatite particles, and mixtures tiiereof. For best 
results, preferred ceramics for use in the present invention generally comprise spherical particles having a diameter 
within the range of about tOQ microns to atwut 1000 microns. 

TTie mokJaWe coltegen compositions of the present invention may also comprise one or more biologically active 
agent. The term "biologically active agenf or "active agent" as used herein refers to organic molecules which exert bio- 
logical effects in vivo. Examples of active agents include, without limitation, enzymes, receptor antagonists or agonists, 
honnones. growtti factors, autogenous bone man-ow. antibiotics, antimicrobial agents, and antibodies. The term lactive 
agenr is also intended to encompass various cell types which can be incorporated into the mokJaWe collagen compo- 
sitions of the invention. The term "active agenf is also intended to encompass combinations or mixtures of two or more 
active agerrts. as defined above. 

Preferred active agents for use in the present invention include members off the transforming growtii factor (TGF) 
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supergene family, which are muttifunctional regulatory proteins. Members of the TGF supergene family include the beta 
transforming growth factors (for example, TGF-pi. TGF-p2, TGF-p3); bone morphogenetic proteins (for example, BMP- 
1. BMP-2, BMP-3, BMP-4, BMP-5, BMP-6. BMP-7. BMP-8. BMP-9); heparin-binding growth factors (for exanrple. 
fibroblast growth factor (FGF). epidermal growth factor (EGF), platelet-derived growth factor (PDGF). insulin-like growth 

5 factor (IGF)); Inhibins (for example, Inhibin A. Inhibin B); growth differentiating factors (for example, GDF-I); and Activlns 
(for example, Activin A, Activin B, Activin AB). Particularly preferred active agents are the transforming growth factors 
(TGFs) and bone morphogenetic proteins (BMPs). 

Growth factors can be isolated from native or natural sources, such as from mammalian cells, or can be prepared 
synthetically, such as by recombinant DNA techniques or by various chemical processes. In addition, ar^ogs, frag- 

10 ments, or derivatives of these factors can be used, provkled that they exhibit at least some of the biological activity of 
the native molecule. For example, analogs can be prepared by expression of genes altered by site-specific mutagenesis 
or other genetic engineering techniques. 

Autogenous bone marrow is another preferred biologically active agent which may be incorporated Into the compo- 
sitions of the inventioa The bone marrow is generally harvested from the patient at the time of surgery, then mixed with 

15 the motdable collagen composition just prior to implantation to a hard tissue site. The bone marrow can be used alone 
or in combination with other types of biologically active agent, such as growth factors. 

Biologically active agents can be added to the composition during preparation or just prior to treatment, as 
described above for the incorporation of bone marrow. The type and amount of active agent used will depend, among 
other factors, on the particular site and condition to be b^eated and the biological activity and phanmacokinetics of the 

20 active agent selected. 

For biofogically active agents other than those which are harvested from tiie patient just prior to treatment (such as 
bone marrow, as described above), it is preferred that the agent be incorporated into the composition during preparation 
so that the agent is released via a sustained-type delivery. In this way, the agent can be released into the tissue site and 
surrounding areas and exert its intended therapeutic effects over an exterxied period of tima 

25 In a general method for preparing the moldable collagen compositions of the invention, an aqueous suspension of 
fibrillar collagen and a iher disassembly agent are mixed and allowed to incut>ate for a sufficient period of time to effect 
disassemt)ly of the collagen fibers (the collagen suspension will be sut>stantially clear at thispoint). If desired, biologi- 
cally active agents may be incorporated into the nonfibrillar collagen at this point. 

Biologically active agents can either be admixed with the collagen; ccvalently linked to the collagen using a 

30 croGSlinking agent such as a functionally activated polyethylene glycol; or affinity bound to the collagen using a binding 
Hgand. Processes for ccvalently binding bfologically active agents such as growth factors to collagen using a synthetic 
hydrophilic polymer, such as a functionally activated polyethylene glycol, are described in commonly assigned U.S. Pat- 
ent No. 5.162.430, issued November 10, 1992, to Rhee et al.. Processes for affinity binding biologically active agents 
to collagen via binding ligand such as heparin are disclosed in comnv>nly owned, copending EP. application Serial No. 

35 96102 340.5- 

The final step in the process for preparing the compositions of the invention comprises mixing the nonfitxillar col- 
lagen composition (optionally containing biologrcalty active agents) with a particulate material to form a relatively homo- 
geneous^pLiable composition having a doughy texture. 

The preferTed~erTt>odifnenrW the corffXTSitfon comprises: (i) about 20 to about 60 percent by (wet) weigfit of an 

40 aqueous suspension of fbrillar collagen which comprises about 20 mg/ml to about 120 mg/rnl of collagen (preferably, 
within the range of alxxjt 30 mg/ml to about 90 mg/ml of collagen); (ii) about 20 to about 60 percent by weight of a fiber 
disassen^y agent; and (iii) atxxit 20 to about 60 percent by weight of a particulate material, as disct^ed further in ttie 
Examples below. Particularly preferred compositions corrprise a f ibriHs^rcoltagen suspension at a collagen concentiB- 
tion of 65 n\QM in combination with glycerol and ceramic particles in a weight ratio in the range from 1 :1 :1 to 1 :1 :2 cd- 

45 lagon suspension : glycerol : ceramic particles [i.e., 25 to 33 weight percent collagen suspension; 25 to 33 weight 
percent glycerol; 33 to 50 weight percent ceramic particles). 

Corrpositions prepared using c ollagen that is a lready in nonfbrillarfbrm (i.e., compositions not containing fi>er dis- 
assembly agenis) preferably comprise: (i) sboiA 20T5 abttUt ^TpercenTby (wet) weight of an aqueous suspensbn of 
nonfibrillar collagen which conrprises about 20 mg/ml to atx)ut 120 mg/ml of collagen; and (ii) about 20 to atx)ut 80 per- 

50 centby weight of a particulate material. 

USE AND ADMINISTFWIQN 

TTie mokiat)le collagen compositions of the present invention are particularly suited for use in the repair of hard tis- 
55 sue. As used herein, tiie term "hard tissue" encompasses botii bony tissue ancteirtlaginousti^ge. 

In a general method for using the compositions of the invention in the repair of hard tissue, tiie composition, option- 
ally including one or more biologically active agents, is packed or othenvise surgically implanted into the site of a bone 
or cartilage defect. TTie composition can be molded in situ to tiie desired shape to fit the defect. Alternatively, tiie com- 
position can be ir^j^te0L,to a hard tissue site tiirough a large bore needle. When compositions containing glycerol are 
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used, the glycerol will eventually diffuse away from tfie site-of implantation, allowing the collagen to return to its fibrillar 
form. 

The conpositions can also he used to augment bone or cartilage, such as in cosmetic surgery applications such 
as facial reconstruction, or augmentation of various bony or cartilaginous facial features, such as the nose, cheek- 
5 bones, and chin. The compositions can be applied in a surgical situation to the bone or cartilage site of interest, then 
sculpted to yield the desired contour. 

EXAMPLES 

10 TTie following exanples are put forth so as to provide those d ordinary skill In the art vwth a complete disclosure 
and desCTiption of how to make the preferred embodiments of the conjugates, compositions, and devices and are not 
intended to limit the scope of what the inventors regard as their invention. Efforts have been made to ensure accuracy 
with respect to nuirbers used (e.g.. amounts, teirperature. molecular weight, etc.) but some experimental envois and 
deviation shouW be accounted for. Unless indicated othenwise, parts are parts by weight, weight ratios are wet weight 

15 ratios, molecular weight is weight average molecular weight, temperature is in degrees Centigrade, and pressure is at 
or near atnfX}spheric. 

Example 1 

20 Preparation of Collaoen / Sucrose / C eramic ComposHions 
The following formulations were prepared: 





Formulation 
A 


Formulation 
B 


Formulation 
C 


Ceramic 


1.5g 


0.5 g 


Ig 


Collagen 


3 ml 


2 ml 


1 ml 


Sucrose 


ig 


ig 


ig 


Water 


1 mi 







TTie ceramic conponent consisted of tricateium phosphate particles within the size range from about 150 to about 
240 microns, obtained from CePuy. Inc. (Warsaw. IN). The collagen was Zyderm® II Collagen without lidocaine (an 
aqueous suspension of ftorillar collagen at a 65 mg/ml collagen concentration) obtained from Collagen Corporation 
(Palo Aho, CA). Tbe sucrose was obtained from Sigma (St. Louis. MO). 
40 Formulation A was very sticky in consistaicy: Formulation B was still sticky, but more moWaWe tiian Formulation 
B; Formulation C had a consistency very similar to that of PlaylDoh® . 

The following formulations were prepared, using the same components described above, to delerrrone the effect of 
varying the amount of sucrose: 



50 





Formulation 
D 


Formulation 
E 


Formulation 
F 


Ceramic 


1-5g 


1.5g 


2g 


Collagen 


1 ml 


1 ml 


1 ml 


Sucrose 


0.5 g 


ig 


1-5 g 



Formulation D was translucent (rather than transparent), indicating incomplete f ber disassembly off the collagen. 
This fomiulation also tended to fall apart easily. Formulation E was transparent and had excellent. "PlayDoh-like" han- 
dling characteristics. Formulation F was also transparent and had excellent handling characteristics, but vras not quite 
as elastic as fornrulation E. 

The following additional formulations were prepared using the same components described above: 
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Formulation 
G 


Formulation 
H 


Formulation 
1 


Ceramic 


1-5 g 


1-1 g 


1-1 g 


Collagen 


1 ml 


1 ml 


1 ml 


Suaose 


2g 


ig 


0.5 g 



Formulations G, H, and I were allowed to dry overnight at room temperature. Each of the dried formulations was 
placed in a phosphate-lxiffered saline (PBS) solution. Formulation H held its shape after 3 hours in PBS. indicating Bat 
the formulation would remain cohesive in vivo when in contact with bodily fluids. The other two formulations fell apart 
15 The results of these experiments indicate that the formulations having the most desirat>le handling characteristics 
contained approximately 1 ml of fibrillar collagen suspension (at a collagen concentration of 65 mgAnI) in combination 
with 1 - 2 g of tricaldum phosphate particles and 1 - 1 .5 g of sucrose. 

Example 2 

20 

Preparation of Coltaqen / Glycerol / Ceramic Compositions 
The following formulations were prepared: 





FornfVJlation 
J 


Fbrnrmlation 
K 


Formulation 
L 


Ceramic 


1-1 g 


1-1 g 


1-1 g 


Collagen 


1 ml 


1 ml 


1 ml 


Glycerol 


2 ml 


1 ml 


0.5 ml 



35 The ceramic component consisted of tricalcium phosphate particles within the size range from atxiut 1 50 to about 
240 microns, obtained from DePuy Inc. (\A/^rsaw, IN). The collagen was Zyderm® II Collagen without lidocaine (an 
aqueous suspension of fibrillar collagen at a 65 mg/ml collagen concentration) obtained from Collagen Corporation 
(Palo Alto, CA). The glycerol was obtained from Sigma (St. Louis. MO). 

Formulation K was found to be the best of the three formulations in terms of moldability and general handling char- 

40 acteristics. Formulation J was found to be too sticky and Formulation L fell apart. 

Example 3 In v/vo Evaluation of CollaaenV Glycerol / Ceramic Compositions 

An in vivo study was performed to evaluate bone Ingrowth Into the collagen / glycerol / ceramic compositions of the 
45 invention. The rat parietal bone fracture repair model was used, with twelve mate Sprague-Dawlcy rats receiving bilat- 
eral fractures. Each rat received two 0.05-ml implants (one in each fracture site) selected from the four materials listed 
below, for a total of 6 evaluation sites per material: 

• Zyderm® II Collagen (65 mg/ml collagen concentration); 
50 • Zyderm II Collagen* glycerol; 

• Zyderm II Collagen + glycerol + tricalcium phosphate; 
No implant material (Control). 

The glycerol-containing formulations were prepared by mixing the contents of a 5-cc syringe containing 5 grams of 
55 Zyderm II Collagen with the contents of a 5-cc syringe containing 5 grams of autoclaved (sterilized) glycerol. The colla- 
gen and glycerol were mixed by syringe-to-syringe mixing using a three-way stopcock and employing 100 passes of 
material between the two syringes. The collagen / glycerol mixture was stored at 4''C. 

The ceramrc-containing formulation was prepared by mixing the collagen / glycerol mixture with an equivalent 
quantity of tricalcium phosphate at the time of implantation to achieve a final formulation containing 25% collagen sus- 
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pension (at a collagen concentration of 65 nf>g/ml), 25% glycerol, and 50% tricaldum phosphate (TCP). 

The animals were sacrificed and the implants excised and examined histologically at 28 days post-inplantation. No 
adverse response was observed with any of the implant materials: the brain and tissue surrounding the implant material 
appeared normal in all cases. There was no significant difference between implants containing collagen alone and 
inplants containing collagen + glycerol. Implants containing collagen, with or without glycerol, contained abundant 
amounts of osseous tissue of mostly primary structure (trabecullar). 

A bar graph depicting total fracture repair areas (average for 6 implants) for each of the four implant groups (includ- 
ing the control group containing no inptant material) is presented in Rgure 1 . Total fracture repair areas were measured 
using a micrometer at lOOx magnification at 20 unit intervals. Total fracture repair area refers to the size of the area con- 
taining the implant plus any new (hard or soft) tissue ingrowth. The original fracture areas and implant areas were sub- 
stantially the same for all implants at the beginning of the study. Therefore, a relatively larger fracture repair area 
indicates one or both of two things: (a) there has been more tissue ingrowth into the fracture area, indicating that the 
irrplant material is more conducive to tissue ingrowth than the other formulations: (b) the Implant has maintained Its size 
l>etter than other irrplants, indicating greater in vivo persistence of the implant material. 

As shown in Rgure 1, the largest fracture repair areas were seen for implants containing the collagen / glycerol / 
TCP formulation. 

Example 4 

Preparation of Collaaen / Glycerol / Ceramic Compositions With Growth Factors 

Zyderm® II Collagen and glycerol were mixed together in a 1 :1 ratio, as described in Exairple 3, above. Forty (40) 
micrograms of TGF-pi (obtained from Genentech, Inc. , South San Francisco. CA) was added to the collagen / glycerol 
mixture. Finally, tricalcium phosphate was added to the collagen / glycerol / TGF-pi mixture in a 1 : 1 weight ratio of TCP 
to collagen / glycerol / TGF-pi mixture (for a final weight ratio of 1 :1 :2 collagen suspension: glycerol : TCP). 

ExanrpleS 

In vitro Activity of Collagen / Glycerol Compositions Containing Growth Factors 

The activity of a fornujiation containing 40 jig/ml TGF-pi in collagen / glycerol (in a 1 :1 weight ratio) after 2 month 
storage at A^C was measured by its ability to inhibit mink lung epithelial cell (ATCC-MvlLu CCL-64) proliferation, accord- 
ing to the ntethod described t>y Tada et aL (J. Immunol.. 1991 , 146:1077-182). Cellular inhibitory response was meas- 
ured using a chromogenic substrate for acid phosphatase. A quantitative estimate of TGF-pi activity was determined 
by the inhibition of proliferatron of mink lung epithelial cells by conr>parison to a standard curve of TGF-pi. Formulations 
were tested for activity by diluting the formulation directly in the tissue culture media. 

The collagen / glycerol / TGF-pi fomiulation was compared with a freshly prepared TGF-pi standard in acidic eth- 
anol as the positive control. The collagen / glycerol mixture with no TGF-pi was used as a negative control. 

As shown in Rgure 2. the collagen / glycerol / TGF-pi forrrwlation appeared to be roughly equivalent to the TGF- 
pi standard at inhibiting mink lung epithelial cell proliferation at all concentrations tested, as evidenced by low absort>- 
ance values in the acid phosphatase assay. 

Example 6 

in vitro Stability of Collagen / Glycerol Compositions Containing Growth Factors 

The stability of a formulation containing 40 jig/nr^ TGF-pi in collagen / glycerol (in a 1 :1 weight ratio) after 2 morth 
storage at 4°C was measured using the mink lung epithelial cell inhO^rtion assay described in Example 5, above. A 
freshly prepared TGF-pi standard in acidic ethanol was used as the positive control. 

As shown in Rgure 3, ttie collagen / glycerol formulation containing TGF-p1 was stable and successfully inhibited 
mink lung epithelial cell proliferation after 2 montii storage at 4°C. 

Clainis 

1. A fTX)ldable compositfon suitat)le for use in ttie repair and augmentation of hard tissue, which composition com- 
prises nonf brillar collagen and a particulate material. 

2. The composition of daim 1 , wherein the nonf ibrillar collagen is prepared by mixing fibrillar collagen with a fiber dis- 
assembly agent 
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3. The composition of claim 1 or 2, wherein the nonf brillar collagen is selected from the group consisting of: type IV 
collagen, type VI collagen, and type VII collagen. 

4. The composition of claim 1 or 2, wherein the nonf ibrillar collagen is a chemically modified collagen selected from 
the groLf) consisting of methylated collagen and sucdnylated collagen. 

5. A nwldable composition 8uitat)le for use in the repair and augmentation of hard tissue, which composition com- 
prises f it>rillar collagen, a fiber disassembly agent, and a particulate material. 

6. The composition of claim 2 or 5. wherein the fber disassembly agent is selected from the group consisting of: a 
biocompatible alcohol, an amino acid, an inorganic salt, and a cartx>hydrate. 

7. The composition of daim 4, wherein the fiber disassembly agent is a biocompatible alcohol selected from the group 
consisting of glycerol and propylene glycol. 

8. A moldable composition suitable for use in the repair and augmentation of hard tissue, which composition com- 
prises f itKillar collagen, a biocompatible alcohol, and a particulate material. 

9. A moldable composition suitak>le for use In the repair and augmenttion of hard tissue, which composition comprises 
f brillar collagen, a biocompa!tit)le alcohol, a particulate material, and a biologically active agent. 

1 0. The composition of claim 8 or 9, wherein the biocompatible alcohol is selected from the groip consisting of glycerol 
and proplylene glycol. 

11. The corrposition of any one of the preceding claims, wherein the particulate material is selected from the group 
consisting of: ceramic particles; particulate crosslinked or non-crosslinked fibrillar collagen; poly(lactic) acid (PLA). 
poly(glycolic) acid (PGA), and copolymers thereof (PLGA); calcium cart>onate; calcium sulfate; gelatin beads: pol- 
ytetrafluoroehtylene beads; silicone rubber beads; beads of various hydrogel polymers (such as polyacrylonitrite- 
polyacrylamide hydrogels); silicon carbide beads; and glass beads. 

12. The corrposition of claim 1 1 , wherein the particulate material comprises ceramic particles. 

13. The composition of claim 12, wherein the ceramic particles are calcium phosphate ceramic particles selected from 
the group consisting of: tricalctum phosphate particles, hydroxyapatite particles, and mixtures thereof. 

14. The composition of daim 1 1 , wherein the particulate material conrprises particulate crosslinked f ilxillar collagen. 

15. The corrposition of claim 14. wherein the particulate crosslinked f brillar collagen is crosslinked using a crosslinking 
agent selected from the group consisting of: a synthetic hydrophlllc polymer, a hydrophobic polymer having two or 
more succinimidyl groips. arxl mixtures htereof. 

16. The corrposition of any one of the preceding claims further conprising an effective amount of one or more t>iolog- 
ically active agent 

17. The composition of claim 16, wherein the twologically active agent is a growth factor selected from the groip con- 
sisting of: enzymes, receptor antagonists or agonists, hornxjnes, growth factors, autogenous bone marrow, antibi- 
otics, antimicrot>ial agents, and antitxxjies. 

18. The corrposition of claim 1 7, wherein the t^iologically active agent is a growth factor, wherein the growth factor is a 
member of the transforming growth factor supergene family. 

19. The composition of daim 18. wherein the growth factor is selected from a transforming growth factor and a tXHie 
morphogenetic protein. 
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